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CAESAR is the name of an electronic animation system that 
utilizes digital computer, analog computer and television 
technology. These technologies are combined in a unique 
manner so that an artist or an animator can use the power 

of a hybrid computer in combination with his artistic 
talents to produce animation. An artist can use his drawing 
skill to create the characters and then his sense of motion 


to direct the character's movement. 


CAESAR animation is based on the concept of mapping surfaces. 
The operation of a television broadcasting system is also 
based on mapping surfaces. The surface of the target on the 
image tube in the camera is mapped onto the surface of the 
Cathode Ray Tube (CRT), in the receiver. In the case of 
television the desirable mapping function is unity, that is, 
the two surfaces are identical. Then the image on the receiver 
is a faithful reproduction of the image picked up by the 
camera. Sometimes due to problems in the receiver or inter- 
ference with the broadcast signal the mapping function is 
different from unity. Then the television image appears 
torn, it appears to roll or it looks distorted. The scene 
in front of the camera has not changed but the image on the 
television receiver has changed due to the change in the 


mapping function. 


CAESAR produces animation by mapping the input artwork 

onto an output plane whose shape is precisely controlled. 

The image plane can be divided into as many as 8 different 
sections. Each section encompasses a horizontal slice 

of the input artwork. Viewed on the output plane, each 
section can have an arbitrary shape, orientation and position. 
These characteristics are controlled by the operator specify- 
ing about 20 different parameters for each section. The 
parameters are horizontal and vertical size; horizontal and 
vertical axis rotation; frequency, phase and amplitude of 
the section shaping function; rotation, horizontal and 
vertical position; depth and finally an overall horizontal 


and vertical position that affects all 8 sections. 


Let us define a character as any object to be animated that 
has multiple moving parts. It can be a Donald Duck, a 
trapeze artist or a graphic symbol. An artist wishing to 
animate a character with the CAESAR system first must draw 
the character as it appears in each scene. From this the 
input artwork is prepared drawing each portion of the 
character that must move independently on a separate sec- 
tion. For example if the character is a man that will be 
animated to walk then the input artwork would probably have 
his body, head, front leg, back leg, front arm and back arm 
on separate sections. Several examples of an input artwork 
configuration and the types of output images that can be 


produced are demonstrated. 


Graphic symbols such as company logotypes and objects like 
automobiles or buildings can also be manipulated or animated. 
The important factor to remember is that each portion of 

the image that is to move independently must be located on 

a separate section of the input artwork. This means that 

8 independent image components can be controlled by the 


animator. 


Many different kinds of artwork manipulations are possible 
with the CAESAR system. Manipulations that can be applied 
to each section individually shall be described first. 
Perhaps the simplest operation is that of translation. Each 
section can be moved to any location on screen or off. Size 
can be changed by varying horizontal size and vertical size, 
either independently or both together. The attitude of 
each section can be controlled by the rotation parameter. 
Each section can be positioned at any angle in 0.7 degree 
steps. Also controllable is the center of rotation, that 
point about which the section rotates. Horizontal axis and 
vertical axis parameters can position the center of rotation 


to be any point on the section or to most points off. 


The ability to control the shape of the output plane is 
very important. As many as two bends can be arbitrarily 
positioned with their amplitudes independently controllable. 
Other shapes, too numerous to describe in detail, are 


possible. All of the shaping effects are controlled by the 


operator selecting the waveform, frequency, phase and amplitude 
of the shaping function generator that best produce the desired 


image. 


Multiple views of the same element can be located side by 

side on a section. All of the views except one can be blanked 
and the one to be unblanked can be changed at completely 
controllable increments of time. Therefore, faces containing 
different expressions or numbers that need to change can be 
drawn on the same section and only the desired one is used 


to produce the output image. 


There is a feature called "overlap" that keeps elements of 

a character that are located behind other elements from 
showing through them. Therefore an arm of a character 

can pass in front of its face and the arm will obscure the 
face. Which element is nearer the viewing plane than another 


is controlled by positioning of the input artwork. 


Colors are also controlled by the operator. Areas that 

are a certain shade of grey can be transformed to an arbitrary 
color at the output plane. There may be as many as four 
different colors on a character-plus one other color for the 
background of an image. All of these colors can be made to 
Change during a scene. Any image existing as a color 
television signal can be substituted for the background color. 
As an example, the signal could come from a color television 


camera that is viewing a piece of color artwork. 


It is possible to produce a wide variety of output images 

from the one piece of input artwork by selecting appropriate 
values for all of the animation parameters for each section. 
These parameters are either selected by the operator or 
calculated by the computer in the animation procedure. The 
operator adjusts the parameters to produce the desired "key" 
frames. He also selects the number of frames between each 

key frame which controlls the timing of the animation. Then 

the digital computer portion of CAESAR calculates the parameters 
for each of the "in between" frames according to the selected 


fairing function. 


Parameter values are controlled by the operator pushing the 
appropriate push buttons to select the parameter and then 
rotating a knob to adjust the parameter's value. The operator 
uses visual feedback, which is available since response is 
instantaneous, to decide what parameter value is best. One 
knob can control any of the parameters, but three identical 
knobs are available so that three different parameters’ 

values can be varied simultaneously. Thus it is possible to 
try various combinations of related parameters'. values to 


help choose those that produce the desired effect. 


Two different types of artwork are used by CAESAR. If the 
background is to consist of a full color scene, then that 

full color scene must be supplied. A color camera converts 
the color artwork to a television signal and it can then be 


combined with the animated character. 


The artwork for the character to be animated is contained 

on a piece of film containing up to five different areas. 
Each area that is to be a different color is coded by having 
a different level of light transmittance. This artwork is 
backlighted and then has the appearance of being black, clear 
and three shades of grey. The greys are produced by adding 
the appropriate type of Letrofilm to clear areas. Examples 


of input artwork are shown. 
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H-316 INPUT-OUTPUT TECHNIQUES USED IN THE CAESAR SYSTEM 


General Information 

The digital computer's role in the CAESAR System is to assimilate, 
store, retrieve, and distribute data (analog and digital) to the analog 
computer portion of the system. 


These functions may be conveniently broken up into four areas: 
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The H-316 will communicate with the artist via the director. The 
role of the director will be that of allowing the artist to create, edit 
and play back animated sequences, prior to storage on film or video tape, 
eliminating more expensive and time consuming editing techniques. A 
more detailed description of the director will occur at a later date. 

The H-316 will act more as a controller rather than as a computer, 
in the general sense of the word. In fact, the computations vequneed of 


the CAESAR System must occur in "real-time'' and are more efficiently 


handled by existing analog computer techniques. 

If, through experience, it is found that the computational powers 
of the H-316 can be effectively used, they will be incorporated into the 
system, however at the present time the computations will be held to a 
minimum. 

Digital computer programs (software) will initially be constructed 
to allow as much artist control as possible. 

The H-316 must store information or parameters on digital magnetic 
tape and present this information to the output interface. Information 
updates will occur at 24 or 30 updates or frames per second (film or 
TaVs Yates). 

Each frame will consist of from 45 to 225 computer "words" of 
information, depending upon the number of "sections" occurring within a 
frame. These computer words will be transfered to their respective 
output interface channels at the proper rate. 

The output channel may be digital (true/false-on/off) for switching 
video sources, blanking of the video, controlling an animation oscillator, 
etc., or it may be a digital to analog converter which will convert the 
magnitude of the computer word to a specific voltage which will be used 
by the central processor unit (CPU)--analog computer--as information for 


making a computation. 


H-316 Output Interface Description 
Each of the 45 output channels (list 1) is updated via the data 


nmudtiplex control (DMC): feature .of the H=316. 


The DMC allows a block of data to be transfered at high speed 


3 
(3.2us/word maximum) between core memory and an output buss with little 
or no software direction except possibly for initiating this action and 
sensing the completion of the transfer. During a transfer, any 
computations taking place in the H-316 are interrupted. 

Utilizing existing synchronization signals (vertical reset and 
horizontal reset) the hardware is designed to be completely automatic. 

Signals are generated to inform the controlling program that a 
new update is required. It is then up to the program to direct the DMC 
to a different portion of core memory or modify the existing locations 
with the new information prior to the next automatic block data transfer. 

The DMC in our H-316 has 8 channels arranged on a priority basis. 
Channel 1 has highest priority. A higher priority channel can interrupt 
the data transfer of a lower priority channel. 

Associated with each channel are two reserved adjacent memory 
locations. The first contains the starting core location (M1) to be 
used in the data transfer and the second contains the final core location 
(M2). 

Transfers may be made to or from core memory. This description will 
be limited to a data transfer from core memory to the output interface. 

DMC Channels: 

1. Digital Mag Tape 
2. Digital Mag Tape 
3. Output Interface 
4. Input Interface 
5. Alpha-Numeric Display 


6-8. Unused 


After the DMC mode is entered and M2 is reached, a signal called 
end of range (EOR) is generated for control purposes and fed to the 
hardware. If EOR occurs and then a new data transfer request occurs, 
the next transfer will again be from Ml through M2, providing Ml or M2 
were not changed by the software. 

With this information, the output interface can now be described. 

We presently have 45 separate output channels (list 1). 

Since the H-316 can only update one channel at a time and the 
remainder of the CAESAR System requires a parallel update, double 
buffering of the digital outputs are required. The serial by channel, 
H-316 update to buffer 1 is controlled by a channel address counter 
(figure 1). 

The parallel update between buffer 1 and buffer 2 occurs on the 
vertical reset and section change pulses. 

The channel address counter may be reset to zero and preset to a 
specific channel number. It is incremented after each transfer from the 
H-316 occurs. A control signal is generated when the last channel is 
updated. 

Assume that a frame consisting of 3 sections is to be displayed at 
T.V. rates. Due to the interlaced scan, two fields of 16.6 ms each are 
required to completely display one frame of information. This means £or 
output channels which remain the same for the entire frame (grey levels), 
their respective buffer 1 updates need only occur once per frame. They 
are actually updated on each field with the same information in field 1 
and field 2. For output channels which must change with a section change, 


their buffer 1 updates must change 3 times per field, however section l, 
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field 1 information may be equal to section 1, field 2 information, etc., 
for a specific frame without losing any information. 

To set the operation into action, the software loads the reserved 
locations for DMC channel 3 with Ml and M2. Data for this frame is 
loaded into core memory locations 1-99 as shown in figure 2. 

The H-316 now waits for the occurance of a vertical reset precursor 
pulse to allow initial synchronization. This signal is derived from the 
vertical reset pulse and occurs approximately 200 us prior to the vertical 
reset. After this happens the program issues a command enabling the 
automatic DMC action for channel 3. Immediately the hardware resets the 
channel address counter and requests a DMC update. Data is transferred 
sequentially from Ml through location 45 until the last channel (44) of 
the channel address counter is reached. The time for this transfer is 
approximately 150 us. Section 1 information is now loaded into buffer 1. 

From now on, the vertical reset pulse and section length counter 
control the DMC action. Refer to figures 2 and 3 for the next chain of 
events. 

Vertical reset occurs which updates buffer 2 with section 1 
information, presets the channel address counter to channel 18 (the first 
channel to be updated on a section basis) and initiates another DMC request. 
This DMC request causes core locations 46-72 to be transferred, loading 
section 2 information into output buffer 1, channels 18-44. Time for 
the data transfer is approximately 100 us. 

The next thing to happen is an overflow of the section length counter 
indicating the end of section one. This pulse updates buffer 2 with 


section two information, presets the channel address counter to 18 and 


6 
initiates a DMC request. Core locations 73-99 are transferred, loading 
section 3 information into buffer 1, channels 18-44. 

Since we have reached core location M2, EOR occurs. EOR inhibits 
the preset line to the channel address counter and resets the channel 
address counter to channel zero. It also toggles an end of frame flip- 
flop. Two fields or two EOR signals comprise one frame. 

The section length counter overflows again indicating the end of 
section 2 and buffer 2 is loaded with section 3 information. A DMC 
request is initiated and we start all over again loading buffer 1, channel 
0-44 from core locations 1-45. 

When vertical reset occurs we have completed the cycle. 

If it is desired to animate the display, the infcrmation presented 
to the output interface must be changed. lt is up to. the computer 
program existing in core with the data to recognize the status of the 
end of frame flip-flop. When end of frame occurs, this implies all 
necessary information needed to finish the current frame has been 
transferred to buffer l. 

The computer program may now do one of two things. 

Modify certain locations, between Ml and M2 with information which 
was calculated during the previous display, or change Ml and M2 to "point" 
to new core locations which contain information for the next frame, prior 
to the next section change pulse after end of frame happened. 

All updates of buffer 2 occur while the display is blanked, eliminating 
transients in the display. 

Seven sections maximum appear to be a desirable compromise with the 


present size of our core memory (8192 words). 
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The enclosed poopsheets will ge you something to gnaw on as far as Scanimate 
goes, If you look at the confusing block diagram, it also applies to Caesar, 
ecept where the ‘artist manual control" goes in , plug in a computer controller 
with a memory and a helluva bank of software, 

CATSAR --Computer Animated 2pisodes using Single Axis Rotation--like SVaninatel 
is a descendent of ANIMAC, the original animating computer designed by te 
et, al 9 antsac was an Seiteats resourceful, versatile, and impressive device, 

It could Hand ycthewes Gimensional work as easily as two, However, it was a pain 

in the neck to control, This led directly to the development of _Scanimate and 

to Caes = ae es 
“Scaninate is now a dependable production machine, Gi¥en a Kodalith to play 


| 


SSS 
with --or the input from a video camera, VTR, film chain, or just a bright blank 
area, it can and will produce shockine1f£y beautiful patterns and movements, It 
can vosterize a picture input or plasticize i¥, It is a real-time systen, with 
a digital timer for sequencing up to five events on a Single setup. You see what 
you are doing as you do it, You also tape it in real time, (f 20 videotape has 


oved to be our most convenient media, as it allows in-house editing as soon as 
pr s a 


the scenes are taped, Both Caesar and_3canimate are capable of being used in 
a film mode, but to put it plainly, it generally ain't worth it. The advantazes 
of film are its high resolution/sood image quality, since we are shooting direct tly 
the face of our 925-line CRT, which otherwise would be converted to standard 
Z 


525-line video pictures, The disadvantages are the slow speed of filming, ines) 


os LSa2 cme ase, and the inability to use more than one pass without 
either double-exposinzg or going to matte process work in the lab. Depending on 
the quality of your YTR's you can lay down several passes, vrinting one new 


object over the work already taped, Four passes is a practicfal limit, one one 


3 
occasion we have succeeded with ei¥ht --but it was touchy, JS - 
a er re 


Rassias. a good lab like Image Transform in Hollywood can convert your 2" quad 


into a pretty zood-loocking film at a fairly reasonable cost. . . ) 


(2 


CASSAR 1s a machine desisned to take the drudgery out of animation, And it WOLKS, 
SASIMATO ave 
hy nhs unique among the many designs of animating computers in that it is basically 
an analog device, rather than a digital one. In practical terms this means that 
two days’ computer: time will suffice for the average 30-second TV spot -- 
including editing. + This does not mean that if you come in on Monday, you'll] walk 
out Tuesday evening with the finished ppoduct under your arm, Instead, there wil] 
be about a week's lead time involved, You'll need a storyboard, character designs, 
and a small but irreducible nunber of drawings that will be convertea by our 
trove Carver 
friendly neighborhood -engzaver into Kodaliths, You will need a soundtrack, and 
if lip syne scenes are involved, a 16mm magnetic dub from your i" original track, 
as well as a day or three |to get it read and converted to barsheets, In other 
words, most of the preliminaries for Successful conventional film animation still 
hola” AH ennon Eade boron tr bonicteranmonphisn pei fyewhbatiionekmonickhter, 2-7 
S-atany xninasextoxinitzrs moitiocmexy repettiorsy i.e, setting objectives and planning 
approaches, It is vossibgle to "wing it" a little, but be prepared to run overtime, 
=a+, while you make up the missing pleces that turned out to be 
necessary, The embarrassing part of this sholt’ cpecatien is that it usually takes 
an experienced artist longer to make a finished comp storyboard than it does to 
animate BU sree e 
What do we maan by *Kodaliths"? 
Well, sir, Cags¥e has to ‘see’ the artwork betas ‘he’ Pe move it about, 
(hy the parenthetical ‘he'? Because Caesar is only a machin, A tool, As 
thoroughly nonhuman as a crowbar, I call him the’ in the Same sense that that 
a frontiersman called his rifle "she" and bestowed a name upon it. OF that a 
seaman use¥ 2 when he calls his Ship a she, . , fondness for a reliable tool, 
and perhaps a touch of Superstition, which I would de¥y an public, ) 
A Xodalith, as we use them,is a positive transparency with an opaque Surround, 
The drawing in the middle passes light, Black lines on the drawing are rep¥esented 
on the Kodalith hy lines screened to pass only 10% of the light behind them, 
Gesaz --and geanimate-- can identify oni?’ Five “grey levels", ns The first 
j S7ey level is “backsround" and ¥an be forgotteld, It can be a solid cohor generated 
ty the machine, or ad video backzround piped into it. No matter, The Second 
| grey level is usually encoded 2s black for outlines (read: painted as black), Hed 
and is represented by the engraver's 10% screen, ‘the seaoutErey level ia , 
revresented by a conventional Zenvay screer”--Letraset's # 237 has proved reliable-- 
and is usually usd enconied for a Gark color, The -thivd’_—_Letrasets 7173-- is curtl 


usually encoded for a lisht color, and the clear areas on the Kodalith are usually 


Tes relly the Keb py 


* a ry . x D 
encoded as white, jdhat this means to the artist is that for his first pass, he 


w/in wre Bnimates 


cS) 

has only black, white, and two colors to work with, If he can manage a second pass, 
using a toned overlay to fit nis original Kodalith, he may add up to four colors 
more, A third would siv¥ the artist four more colors, and a very bad name among 
our engineers, It is best to desien your characters with two colors only to require 
only one pass, The imaze quality is Guek little better, and you save an additional 
twenty minutes time in taping the second pass, And another twenty minutes in taping 
the third... This can te Gaaae ety important to you, If you have allowed two da¥s 
dn which to shoot your thirty-second spot, and the spot contains eitht scenes 
Cc chronic optomists may include more) then your taping time alone will amount 
to about two hours and forty minutes, Two passes per scene witl use five hours 
ani twenty minutes, and so forth, It is quite possible to plan animation that 

nnot be completed within the sixteen working hours allotted, I¢f you alre 
working on a job that we have bid a fixed price on, that will not bother you 


. . . unless your air date happens to fall at the end of those sixteen hours, 


h 
“X® The Kodaliths look unusual in another ree Ne character has been dissected 


into sections, Every vart of the character that will animate independently of 
fale by ® narrenre vertical agape 


the others is now sepesste-and alone/ These separate sections ar EQ AVEEL SD each 
T) 


other, reading from from left to Tesi Te can used up to eight secions in any 
one pass, Because of the difficulti¥s is registering additional sec¥ions to animation 
al¥eady completed, it is not recommended that you design a figure with more than 
eight sections, (Note to a¥imators: yes, this ¥s exactly like naving eight cel 
levels, But don't use the term ‘levels’, During ¥evelopment our engineers 
borrowed the word to refer to the erayomuse) son Be used, and it confuses them 
no end if we apply it to their "overlap", ) 

Suppose we are sitttng down to snteaeds-@ character: what happens? 
first, we ‘section' the figure into those eight sections (fel levels) that 
I just mentioned, Then we set the rotation points --each section has an axis 
that it will rotate around, Then the oscillators or "section benders". 
ve have three, The “horizontal oscillator" bends a Be section along its longs 
axis, the vertical oscillator, the sYort way..,or it may be set so they both work 
on the long axis, ‘Ye have a choice of four waveforms: sine wave (wavy), triangWiar 
wave (sawtooth), ramp wave (like a sawtooth, but with the righthand side vertical 
instead of slanted, Virtually useless, but our engineers included it because it 
was easy to generate, and what ihe heck, it mi¥ht be good for something,..) and 
finally, the square wave (which isn't, It has a profile like a gear tooth, ut 


@ 
2t's very, very useful,) If you set toth oscillators the long way, you can apply 


“poth of them to 2 single section, as, for instance, a trianele wave to make an 
elbow in an arm, and 2 square wave to make a wrist, Or two sine waves, or whatever, 
The last oscillator is the "depth" oscillator. It makes your section taper toward 

a vanishing point, and, like the other oscillators, may be animated independently 
during the scene, Your artwork is still baeteay: flat, like a paper cutou¥, 
but now you can pick it up and move it as if it w¥re a three-dimensional paper 
cutout, ConvinVingly, 

Att this point, some animator will ask: "Hey, what about a solid object like a 
head? Or mouths for lip sync? If it's flat art, how can I turn it around or pet buick 
the mouth ott to get the shapes I need Yo make it talk?" 

Sood question, and our engineers came up with a beautiful arMwer, You remember our 
Kodalith, of course, If you did it most efficiently, Jit's ina thevectwerour 
fornat, just like your faithful Oxberry Standard Field Guide, You'll notice tht 
"the head youd like to turn is sitting alone iV solitary grandeur surrounded tqCp 
and bottom with a lot of enpty space, One thing led to another, and ol\r engineers 
came up with a feature they call "section blankings",., Basically, this means you can 
tuild a stack of heads --or mouths-- or whatever, antuated tn tne good old 
conventional manner, and hide the ones you aren't using unti¥ you need then, then 
pull a’ one*¥rame substitution, every bit as undetectable as the one you set up 
on your Oxberry, Acme, or whatever, Then, possibly just to show off, those same 
engineers designed a program that lets you take just one of those heads or 
whatevers, animate di? it through whatever gymnastics you require, and then,2 
using the old keyboard, tO¥1 ACATSAR which frames you *yould like to substitute 
wnich heads upon, And CAZSAR will not only do the substituting, he will keep 
your animation ntact throughout, 

Cur engineers weren't content just to afd whipped cream, they wanted a cherry 
on top: a second camera looking at a second #sskxeerer Kodalith provides another 
art input, Do you have more heads than you can put on one section? Or more 
sentient. full of heads than wer you can afford? Put some of them on the other 
camera in a matching setup, and substitu¥e them at will, 

If you, Mister Animator, thin«s this gives you a world ide a in animating 


characéers, you are oh so very, very richt, 


Let's say you have all these pieces on Xodaliths, and there they are, 

stazinzg at you from an’ ostensibly ordinary color TY screen, How do you. 
actually animate then? 

Yell, first, you have some knobs (potentiometers) (knobs to us animators) 
each set to a function switch, Set one switlh to “horizontal position" and 
another to "vertical position" and a third to "rotation" and you can move 
one --or two, or three, or eight-- sections on on the screen you want 
then, just like building a paper cutout, When the figure is complete ("okay, 
that's frame one!") then you hit the"copy" button and Caesar asks you WrkskQ_ 
(vie a little black and white CRT) which frame you'd like all this copied on, 
You're working in video rates, now, not movie Soundspeed, so you know that 
you're using thirty frames to Ene Second instead of twenty-fagr. Let's say 
it's a run cycle --fast, realistiWYrun-- with one foot hi¥ting the ground 
every third of a second. You copy it to frame 10, and frame 20, This will 
close the cycle, You then look at frame 40, ang move all the pieces until 
they make the right pose, just as if you were Mase paper cutouts scawseeb 
that you can bend ungse cutouts, Squash and stretch is supplied by setting 
your knobs to “horig¥atal size" and "vertical size", Vhen you're more or less CAESAR. 
Satisfied, vunch the ate? "store" gutton, and S284 will fill in your inbetweens, 
With accellerations/decelerations/¥- combinations thereof, if you ask him, 
And return the results for playback in less than twenty seconds,.,for complicated 
actions, Let's say the results have a few flaws... if you were doing it on 
cels, you'd grit your teeth and let then go, Since it would eee toot much to ‘ 
make them look good, but since it's CAZ WSAR, you go back, You call back the 
frames yo¥f wan¥ to mOHREy: with (up to n¥ne at one shot) and change them to 
suit: new positions, new accellerations, whatever, Looks okay at last? It's 
&@ good cycle? All right, you tell CATSAR you'd like him to repeat that action 
ten or twenty times (pick a number, any nunber) and CAESAR, dutiful slave that 
he is, copies it off and returns veacy for duty inside those same tWwenty-or-so- 
e3con’s, while you Arwa your fincers in your best FetersUstinov-playing-an- 
inpatient-Nero imitation, 

‘ow you have your run cycle, ‘ould you like to move it across your landM¥cape? 
You still have three controls gon haven't even touched: character vertical and 


character horizontal will let vai move your characters where you willsee within 


the setting, If tneir feat Slis over the ground mafassmxae Surface, well, call 
the frames back and try it azain, Even ten tries --and yeu'll do it in less than 


; 
fo¥-- are still 


~ faster than trying to figure it out the hard way... 


t is, the way you've always had to do Te, 


Cw 


And then there is your depth control, Yes, depth. You'd like to animate 
a character coming towards you in a 3/4 front view? Ur head-on? Noting 
easier, friend, Just build your cycle, set the end positions of the uhole 
move by trial-and-error, and you've got it, Don't like it? Cry peti 

Now let's say the sata is over and you'rSe about ready to tape the 
scene, You'd best check your colors --they're under computer control, too, 
Did you want to change them during the scene? Well, sure, animate that in, 
too. You can certainly do it in one ‘animate', Fades and dissolves, and most 
Piting effects are still manual --for now-- but you can put them in as’ you 
tape the scene, or later, when you edit it, All set? One last check to 


8 


e sure your intensities look zood, overlap is tweaked to perfection, and 
then ring up the Yape room and let her rip. : 
...Cf course, our engineers have allowed us to start a tape machine, a 


aca ate, and CAESAR with the same pulse, with %: ewhatever delay you'd like, 


4 


SQ, after very little jiggering and fitting on your part, the soundtrack goes 

on tape in perfect syne with your animation, and you modestly accept the pleudits 
of the multitude, Was it only a music track? Well, you didn't send that out 

for a 16mm mag enenatee. not if se you can drum your fingers to a beat, T¥e 
TAPTEGR program let you tap a key to the beat of the music (or action) and 


. 


read off the Wrame numbers on which you struck that key,..and if you're too lazy 
to enter it on your barsheet, CAESAR will print you a copy on his teletype... 
with the differences subtracted out so you can detect patterns when they 
oecis, 

It wouldn't be honest for me to say that animating on CAESAR is all ae and 


skittles, No sir, Computer Image is a commercial venture, and we have i atatione: 9 v 


gana gb ag aca cma Je still 


.can't have a figure touch a mo moving backeround and register with it without slipping 
_ dow, pove the bu 


one way or the other, we know ca ae to do it; we just for 


+t 
Lb FEV bUE when we co, we'll be able to do layered backsrounds like Disney's 


nultiplane ona camera, 


ry F 
{ 


bg 


Mid you want to use CAZSAR in real time? We have Veal-time inputs, and with 

a little vreplanning can maxe him do anything short of making the morning coffee 
(the local coffee service is a more cost-effective operation) 

For that matter, if you have a more-or-less specific simulation task, we'll) 

haul off and pia some peripheral hardware that will let you do your simulating 

in real time, with more realistic art than you can get elsewhere, And possibly cheaper, 
Eventually, CAUSAR will reas his own soundtracks for you, and do his orn editing, 
Hetll keep a library of Yneracters ready to animate, and another library of 
movenents analagous to your faniliar sound effects librar¥...much handier than 
tryinz to save your old Gravinzs and cels, How many times have you a@rawn that 


particular walk cycle, anyway? 


I really have teen a little too cavalier with the other people involved in 


conputer animation,.,I should not belittle either genius or honest hard work 


--and figuring out how a machine should think is the hardest sort of skull sweat S 
zoinz, Ina way, at” 10 were lucky, We picked an approach to animation that aS 
worked fast and yell, and didn't require tMe tedium of prozramming --telling Sy 
the computer what the object looks like-- in digital coordinates for every be 


confounded corner, edge, sxiwancle, anda surYace shown and hidden, This, frankly ral 


is a pain, It took Charles. as CsurifG full eighty hours to produce a prmerk- Paes 

"“ire-cage" model of a P4O Yhunderdolt. ., before he could tegin to animate, 

I ana’ am not belittling that accomplishment, TYat construct can be animated 

to simulate three=dimensional art with .a facility that defeats pencil-and-paper 

aninators, no matter how expert, Its Mrawback is strictly commercial: it 
Regrtplemnn does not produce a sufficiently Pocdicckine pleies fast enough to 

be marketable, Detailed, full-color 'threo-dimensionsal' pictures such as tnose 

srotveed by Dovid Tenald e Greenbors s architeckural Simulations at Cornell 


cMiuire a full two seconds to compute and paint onto the screen, once the 


Nake Noe 


+ eel praduced breadtatt-quality fulf-Co1  pr'Cture, 


A) 
That is st¥11 59 pictures short of the 
nunber we neel for that two-second period, ‘ And there coesn't seem to be a 
° 
stratercy available to reduce the time inv¥Mved without buildigs 59 times more 


conputer than you started with --and that way lies bankruptcy, 


‘corvanming has been accom 


de simvly had the good luck to have the engineers who picked the one route 


uw 
that works rapidly, easily, and well, And we should show a little Wfmility, 


S 


ospecially since Vrees slly, we'll be using a great many of those same techniques 
ourselves in conjuction with ovr existing system, 


CAZSAR with bells and‘ chimes, 
so to speak, 


I suppose that Computer Image is, in a way, 


+, Yor hin, 


a little like the flea on an elephant. 


that elevhant wasthe entire world, and one day, he realized he haa 


the whole world by the scruff of the neck... but the world didn't know it yet, 


a cart of Computer y AP e has we west to Lies Ane eles 
leva Parkes aves, while 
CAESAR. beinas eng-of-a-kind protot 


pe si with his Meers in Deuver 
for further de elepuent, doing, Susmakeal’ Foy ee West ee distance, 


Thats tle ‘hew.to' sh the mMement “The Straiakt cen, 
But Here's a little meve be ib thou thak. Animation has been losing ground 
in Cecout years ag the cosh & hems oork oud drudgery Gees steadil ay. 
Studies have gpue bo Xerex . inleing”’ ef othay Photomechauical Processes. 
Disney Was qone be live-action Bilas fap ik¢ bread ~and- butter. Haung~ Barhera_ 
Was bs: Goited animation until ib seems Heu've conered toa field. 
ves ese studies are lenkina fyuvavd wuhappily to Lo dou tHeiv ani motors! 
WARS Op up. TV owimakion hae srccumbed A time and cost pressures . 
to te pout bare Hol animalot ub work fr Ty call Lhoty hove “sausage ficovies 
.. because ery efiode of every shew looks like every other. 


£ ned inte a ‘seusase machine’.. wey Luever live 4 $e2the den. 
sbi a ie See. come duet hhis sort of animation sa 
Forme Hak the. Liiva that aives animation ik valhe istlat it is entertain x 
Tt s fun. If ic" sheahee % hater your kids when ue take Ham be Snow White 
quad then wate Hun on Sahucley momnina... as a ispre Hue Shows and 
on burn te watdr Dre commercials: The cemmoreials .. ad 35 they often ane-— 
we oenerally better "theater than the Supposed enter fainment: 


CAR .powever is fact. teatime By a fachy of at least Yo, 
ie markeslly less eypeunsive Cwe still clon a pent: Le allaos Ha 
Sy client bo sit m as director (now (ares au innevarron ) ie 
And by reasow of tlase virtues, he will [ef wou put fhe tun back in... . 
tainaliby, dus creativiby, the surprises, the pretty, oyaceful, formerly-evpensive 
Ve a let ype make something that will amuse, chen please, 
ie the people fia set out t reach uber You started thic thing. 


ER tn sche nhbethind emai nat 
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Control console for Computer Image Corporation’s automated animation system. According 
to Lee Harrison I11, president of the company and developer of the system, “Great pains 
were taken to make the system operation invisible to the user -- to give him the feeling he’s 
merely wielding an electronic paintbrush.” 


“Electronic Paintbrush” Adds New Dimension 


To The Graphic Arts 


The group of young Indians crowding 


| around the TV screen whoop in anticipa- 
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tion as the smart-alecky coyote, ignoring the 
admonition of the wise old lizard, slides down 
the sand dune riding atop a large, flat rock— 
only to lose his balance and get overtaken 
and flattened in the process. “That's per- 
fect,” says the Navaho elder with a smile, 
“tape it.” The console operator pushes a 
button and the luckless coyote again slides 
down the slope—this time so that his every 
action can be captured on color videotape. 

It's the kind of cartoon your kids might 
see on any Saturday morning TV show, ex- 
cept for two things—the dialogue in this 
particular sequence is all in Navaho, and 
the film itself was produced entirely by com- 
puter, in an interactive system that permits 
sequences to be repeated and refined so as 
to reflect the subtle details of Indian experi- 
ences and Indian legend. 

Computer animation has made enormous 
strides during the past two or three years. 
Combining a hybrid analog-digital computer 
with television components, systems such as 
the one at Computer Image Corporation of 
Denver, Colorado cah now produce charac- 
ter animation approaching the quality 
achieved through conventional animation 
methods. Perhaps even more significant, 
such systems can do in one day what a 
conventional animator working with standard 
equipment might take as much as two or 
three weeks to produce. That's why commer- 
cial filmmakers are following developments 
in computer graphics with growing attention. 

To produce a basic bit of animation by the 
old method—for example, the sequence in 
which the coyote picks up the rock and be- 
gins to run with it—would require between 
25 and 50 separate drawings, each pains- 
takingly hand-drawn by an artist. With a com- 
puter-controlled system, the artist first makes 
some basic drawings to show the computer 
what the subject looks like. In the example 
of the coyote, he would make separate 
drawings of the rock and the head, body, 
paws, and tail—a drawing of each of the 


moving parts of the subject. These few 
black-and-white drawings on transparent 
sheets, or “Kodaliths,” are the equivalent of 
dozens, or even hundreds, of conventional 
“cels”—the individual drawings that form 
the basis of a manually-created animation 
sequence. When various parts of the image 
are to have different colors, the correspond- 
ing transparent areas of the Kodalith are 
masked with variable densities of gray scale 
so that each area transmits a different 
amount of light. 

The Kodalith is then placed on a light box 
and scanned by a special TV camera which 
converts the images into electrical signals 
and feeds them into the computer. The re- 
structured images next appear on a high- 
resolution X-Y display where they are again 
scanned by a TV camera and transmitted 
to the control CRT on the operator’s console. 

in Computer Image Corporation's sys- 
tems, analog techniques allow the operator 
to manipulate the basic shapes and set up 
the animation sequence; a Honeywell 316 
digital computer with 12K of memory is used 
for control, storage, and timing of the total 
animation. This arrangement gives the op- 
erator real-time control of the images on the 
screen—and at feast as much flexibility as 
he would have working with a pencil or 
paintbrush. 

In looking up at the control CRT, for ex- 
ample, our animator would first see his pic- 
ture of the rock and the jumbled parts of the 
coyote—he can have as many as eight in- 
dividually controlled elements on the screen 
at one time. By manipulating his analog con- 
trols, he assembles the coyote and positions 
the rock where he wants it. He also adjusts 
the size of the images and the intensity. 
Next, he moves the image of the coyote to 
the position on the screen where he wants 
it to be at the end of the animation sequence. 
After making similar adjustments for the ini- 
tial starting position, he sets the length of 
the sequence from a few tenths of a second 
to several seconds for that scene. The op- 
erator then presses the control that triggers 
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the animation cycle and the coyote moves 
from the initial to the final position, execut- 
ing whatever action has been programmed 
to occur between the two terminal locations. 
Since the entire sequence has been. stored 
in the computer memory, it can be repeated 
as often as desired with the simple press of 
a button. Or selected parts of the sequence 
may be changed until the entire episode 
meets the operator's approval. 

An “overlap” feature built into the system 
blanks out portions of a character that are 
located behind other elements and keeps 
them from showing through. This permits an 
arm to pass in front of a character's face, 
for example, and obscure the face in a realis- 
tic fashion without producing what would 
otherwise appear to be a multiple exposure. 

As a tule, color is added to a scene after 
the animation has been worked out. The 
colorizer portion of the computer identifies 
five levels of light intensity and assigns a 
different color to each level. (This is why 
elements of the image that are to be the 
same color must be coded with identical 
gray tones on the original artwork.) By ad- 
justing the setting of five red-blue-green mix- 
ing controls, the operator can paint each area 
of the image any color he wishes —and even 
change the colors during a scene. There may 
be as many as four different colors on a 
character plus one other color for the back- 
ground of the scene. The background color 
is supplied by a color television viewing 
a separate piece of color artwork. When both 
animation and color are judged to be opti- 
mum, the sequence is recorded on video- 
tape. 

But computer-controlled systems do more 
than simply translate ideas into pictures; 
they tet the artist explore a whole new elec- 
tronic world of interacting colors and shapes. 
He can start with a simple image—perhaps 
a name or company logo—and by varying 
the waveform, frequency, phase, and ampli- 
tude of the shaping function generator, 
create an endless variety of shapes and col- 
ors. The original image explodes, shrinks, 
grows, undulates, and rearranges its com- 
ponent parts in ways the artist could not 
possibly have imagined. 

As important as these exciting visual ef- 
fects may be to the individual artist, it’s the 
cost advantage that prompts hard-headed 
businessmen to buy computer animation 
systems. An enormous amount of expensive 
time is saved when an animator can input a 
minimum amount of initial drawings, set up a 
few key frames, specify the desired colors, 
and let a computer “draw” all the intervening 
frames. If any of the parameters have:to be 
changed, it’s merely a matter of adjusting 
a few controls. And the finished sequence 
can be viewed immediately—before it’s 
committed to videotape. By contrast, any 
change in manually executed animations 
requires the complete redrawing of per- 
haps hundreds of cels—and there's no 
assurance that the sequence is satisfactory 
until the new film or tape can be viewed. 


Or, putting it another way, conventional 
animation is 5% creative and 95% produc- 
tion. With a computer-controlied system that 
ratio is reversed. As one filmmaker, Hat- 
field Davis, observes, the goal of computer 
animation systems is to produce the kind of 
animation we saw in “Snow White.” “But 
to produce those 83 minutes of “Snow 
White” took 750 artists working three years 
to complete 1,000,000 cels. 


COMPUTER 


Animation 


A Better Mousetrap: The CAESAR 


by David Holman and L. Bruce Holman 


The animator is seated at a control console; before him is a 
color cathode ray tube on which is displayed a cartoon 
character frozen in mid-step. The animator adjusts the con- 
trols, then depresses a button marked “Animate.” A smaller 
CRT flashes a response: “Doing my thing.” And an instant 
later, the cartoon figure walks across the screen, smiles at the 
animator, and tips his hat. 

Until recently this scene would have been science fiction, but 
a computer-controlled device now exists which produces fully- 
articulated cartoon animation. Its function is described as 
Computer Animated Episodes using Single Axis Rotation—its 
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builders call it CAESAR. CAESAR is far beyond the point of 
being a mere laboratory curiosity; it is a fully-operationa! tool 
producing animated films every day on a time- and cost- 
efficient basis. The implications of CAESAR for the art of 
animation are enormous. 

CAESAR is a descendant of ANIMAC, the original 
animating computer designed by Lee Harrison and his 
associates at Computer Image Corporation. ANIMAC was an 
extremely resourceful, versatile, and impressive device. It 
could handle three-dimensional work as well as two. ANIMAC, 
as a prototype device, suggested other possibilities for com- 
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(1) A figure displayed within a television raster will follow the shape of the raster when the proper electronic signal ts 


applied. 


(2) By applying a sine wave to the cat’s tail and pivoting the tail from its base, the tail could be made to switch from 
side to side behind the cat. (3) Using the same artwork for the cat but applying different wave-forms, pivoting some of 


the parts, and adjusting the vertical and horizonal size produces an angry-looking cat. (4) The cat “does a take.” 
Horizontal size is changed on most of the parts, and a high-frequency delta wave is applied to the tail.. 
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puter animation, and led to the development of SCANIMATE. 
SCANIMATE computer animation is now a familiar sight to 
television viewers, although they may not be-aware that the 
images they are watching are computer-produced. 
SCANIMATE does only limited character animation; its prin- 
cipal use is in plasticizing and metamorphizing images. But 
SCANIMATE led to CAESAR, and CAESAR does full 
character animation. . 

CAESAR and SCANIMATE are unique among the many 
designs of animating computers in that they are basically 
analog devices rather than digital. With a digital system the 
plotting and programming of a key frame may require days of 
calculation. Then to animate the sequence the digitally. 
generated display might require several seconds to “paint” 
each frame on the CRT from which it is recorded. Because the 
analog system is faster, it usually takes an experienced 
animator working with CAESAR longer to plan a storyboard 
than it does to animate the film. 

What does the finished animation look like? It looks very 
much like conventional film animation, although most of the 
drudgery associated with the production of animation has been 
eliminated, so perhaps the animator is freer to be creative. The 
quality of the image is good since it is displayed on a high- 
resolution, 945-line color television screen. The handling of © 
characters is not yet equal to the best of Disney Studios, but it 
far surpasses that which is seen on Saturday morning TV. 

Once you understand some of the basic processes of the 
system and know its capabilities, CAESAR’s creative 
possibilities are apparent. At its most elementary level, 
CAESAR’s operation is the re-shaping of a television raster, 
the white square which is displayed on the face of a cathode ray 
tube. By applying the proper electronic signals to the raster it 
is possible to cause it to bend, squash, stretch, turn, or grow 
larger or smaller. If a cartoon figure is displayed within this 
raster, he will also bend, squash, etc. For example, if a delta 
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(5) The animator usuaily needs so make oniy a few pencil sketches of the character showing him in typical poses. (6) 
The sketch of the character is rendered as a high-contrast negative, with each of the parts distributed separately. Ad- 
ditional parts may be included, for example several heads to simplify major changes of position or expression. 
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wave is applicd to the side of the raster, it will bend and the 
figure displayed on it will appear to bow. And CAESAR will 
remember that bend and will play it back to you. But this is 
only the beginning. ‘ 

Now imagine that the raster is divided into seven sections, as 
if there were scven vertical rasters. Each of the seven may be 
controlled independently. Now picture the cartoon character 
broken up into seven parts, like cutting up a paper doll, and 
each part displayed within a separate raster. The head is in the 
first raster, an arm in the second, the body in the third, and so 
forth. Since the rasters can be individually controlled, the 
animator looks at this array of head, arms, etc., on the screen 
and by manipulating the controls positions all of the pieces un- 
til they are assembled correctly and are in position for his first 
frame of animation. He then “‘stores” this frame in CAESAR’s 
memory and “advances in time” to a later instant in the ongo- 
ing action and manipulates the character into the position 
which he will assume in this second “key frame.” In the con- 
ventional animation it is the production of the many pieces of 
artwork necessary to connect ihe key frames which is most 
time-consuming—but CAESAR does this in seconds! 

Here is how a typical sequence might be animated: Say that 
the action is to be a “Run cycle,” a fast realistic run with the 
character’s foot hitting the ground every third of a second. 
Since CAESAR calculates in video scanning rate, rather than 
movie sound speed, there are thirty frames per second. The 
animator instructs CAESAR to copy the character from frame 
one into frames ten and twenty. This will close the animation 
cycle. He then asks for frame ten to be displayed and alters the 
position of the character’s arms and legs so they are correctly 
positioned for the middle stop of the run. Appropriate “‘squash 
and stretch” to add bounce to the run are set with “horizonal 
size” and “vertical size” controls: When the animator is 
satisfied with the appearance of the character in its ..ey 
positions, he presses a button which tells CAESAR to animate 
the sequence. CAESAR provides all of the animation between 
the key frames, with accelerations and decelerations or any 
combination thereof as desired, and plays back the results in 
the time it takes to scan the magnetic memory. 

CAESAR would be equally obliging if instructed to make the 
character move in apparent depth, fly through the air, change 
colors, disappear behind objects on a painted background, or 
conduct lip-syne dialog with a live actor. It could do all of these 
things simultaneously if the script required it. And since the 
actions are recorded in a magnetic memory, it is relatively sim- 
ple to re-play the scene or any part of it and make additions or 
corrections of the action or timing as desired. 

With conventional animation it is usually necessary to 
prepare hundreds upon hundreds of drawings which must be 
inked onto acetate cels and painted by hand to produce the 


frame 1 


frame 10 


film. With CAESAR, the artist’s task is relatively simple. 11 is 
usualiy necessary to produce only a few pencil sketches of the 
character illustrating full-face, profile, and three-quarter view. 
These drawings are broken down into their various parts and 
are rendered as high-contrast negatives. The negatives are 
keyed for color using trensparent grey overlays, and are input 
to CAESAR through a TV system. Backgrounds may consist of 
paintings, photographs, models, full-scale three-dimensional 
objects, or virtualiy anything which can be displayed in front of 
a color television camera. 

There are of course limitations to the present system. If ad- 


‘ditional characters are required, it is usually necessary to 


animate them separately and record them on videotape in 
successive passes. Rotation of characters requires additional 
artwork. Real-time inputs are possible, but are not the usual 
mode of operation. Direct film recording is also possibie, but 
videotape is recommended, with later transfer to film if re- 
quired, é a 

Animation has been losing ground in recent years as the cost 
of handwork and drudgery has steadily risen. Studios have 
gone to Xerox “inking” or other photomechanical processes. 
Disney has gone to live-action films for its bread-and-butter. 
Hanna-Barbera continues with limited animation. And the 
Japanese studios dread the day that animators’ wages go up. 
TV animation has succumbed to time and cost pressures to the 
extent that animators who work for TV call their shops 
“sausage factories,” because every episode of every show looks 
like every other., ; 

CAESAR could be turned into a “sausage machine,” but this 
would be an unfortunate waste of potential. No creative 
animator desires that his work emerge as a bland stereotype, 
but too often he is caught in the middle, having to simplify his 
ideas and make artistic compromises just to stay on board the 
treadmill. It is to be hoped that CAESAR’s facility in handling 
the routine, mechanical élements of the animation process will 
free the animator and encourage him to further explore the 
human, creative aspects of animation. 

Until now the existence of CAESAR has been generally un- 
known to .animators. SCANIMATE has been Computer 
Image’s stock-in-trade, while CAESAR’s development has 
received virtually no publicity. Computer Image is now exten- 
ding its operations from its Denver home-office to form Image 
West in Los Angeles. CAESAR is about to land as a bombshell 
on the world of commercial cartoon animation, and the impact 
will produce profound changes both in its economics and in its 
consideration of this art. - 

CAESAR has been, in a way, like the flea on an elephant. 
For the flea, that elephant was the whole world. Then one day 
he realized he had the whole world by the scruff of the neck... 
but the world didn’t know it yet ... 


frame 20 


(7) To animate a simple “run cycle” the animator merely manipulates the controls to establish the position of the 
character for frame One and frame Ten (frame Twenty is identical to frame One), then.CAESAR animates the “In- 
; between” eighteen frames. To extend the scene the cycle can be copied automatically as many times as required. The 

squash and stretch” are added by use of the vertical ord horizonal controls. Acceleration and ‘deceleration are com- 


puted and incorporated automatically if desired. 
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GLOSSARY 


PLEASE READ these definitions of motion picture trade jargon and abbreviations, many 


of which are used in this script. 


PICTURE 


ANIM - animation: Art work, not live. 

BG - background: Area in camera's view 
farthest from camera. 

CU - close-up: Close view of subject, 
e.g. man's head. 


CUT - abrupt, instantaneous scene change. 


DISS ~ dissolve: Smooth gradual scene 
change. One scene disappears while 
simultaneously, another appears. 

DOLLY - in live action, camera movement 
by physically moving camera while 
photographing. 

ECU - extreme close-up: Extreme close 
view of subject, e.g. man's eye. 

ELS - extreme long-shot: Extreme long 
view of subject, e.g. whole man a 
speck in the desert. 

EXT - exterior: Scene shot outside in 
natural weather conditions. 

FG - foreground: Area in camera's view 
nearest to camera. 

J - fade in: Scene gradually appears 
out of blackness. 

FO - fade out: Scene gradually disap- 
pears into blackness. 

INT - interior: Scene shot indoors. 

LA - live action: Live, real subjects. 

LS - long-shot: Long distance view of 
subject, e.g. man, head to foot. 

MCU - medium close-up: Medium close 
view of subject, e.g. head and 
shoulders. 

MLS - medium long-shot: Medium long 


view of subject, e.g. knees to head. 


MONTAGE - series of shots conveying a 
"feel" for the subject, not an 
explanation. 

MS - medium shot: Medium distance view 
of subject, e.g. waist to head. 

OS - over-shoulder: Camera looking over 
shoulder, past ear of a subject. 

PAN - camera movement from side to side. 

POP - an element appears or disappears 
instantaneously, others in the 
camera view remain constant. 

POV - point-of-view: Defines what 
camera or actor is seeing. 


SOUND 


BG - background: Low volume sounds 
"behind" the significant sound. 

FX - effects: Sound effects to enhance 
or clarify picture. 

LS - lip-sync: Sound recorded simul- 
taneously with picture photography 
so that on-screen lips synchronize. 

MX - music: Music to complement picture. 

SEGUE - (seg’way) smooth gradual sound 
change, equivalent to picture DISS. 

WILD - not synchronized: Sound recorded 
at a time or place different from 
the matching picture photography. 


Note: Information in (CAPS AND PAREN- 
THESES) is not to be recorded, but 
is info explaining the sounds to be 

part of the final film. 


PICTURE (CONTINUED) 


RP - rear-projection: Previously photo- 
graphed scene projected from the 
rear on a translucent screen for 
re-photography by a camera in front. 

STOCK - stock footage: Existing fiim 
available for use in this script. 

SUPER - title superimposed on the BG. 

SWISH PAN - very fast pan so that objects 
blur and "swish" past. 

TILT - camera movement up or down. 

TRUCK - in animation, camera movement 
by physically moving camera while 
photographing. 

VIGNETTE - object of interest fully ex- 
posed in a puddle of light, rest of 
frame slightly underexposed. 

ZOOM - camera movement by optically mov- 
ing subject with a "zoom" lens. 

2 SHOT, 3 SHOT, ETC. - subjects sharing 
the frame with equal prominence. 


Note: Camera distance CU, MS, LS, etc. 
is relative to subject, e.g. LS man 
is whole man. LS football stadium 
is whole football stadium. 
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